Introduction
A correspondence to Nature three years ago reported a preliminary laboratory study that suggested pollen from from Bacillus thuringiensis (Bt) com could be hazardous to the larvae of the monarch butterfly, Danaus plexippus. Losey et al. (1999) showed that young monarch larvae given no choice but to feed on milkweed, Asclepias curassavica, leaves dusted with pollen from Bt corn hybrid ate less, grew more slowly, and had a significantly higher mortality rate than larvae feeding on leaves dusted with nontransgenic pollen. Based on this study, the authors questioned the environmental safety of Bt com and called for scientific investigations.
In response to the Bt corn pollen and monarch questions, several researchers have conducted detailed studies to evaluate the effects of Bt corn pollen on monarch larvae. Results of these studies and a black swallowtail Papilio plexippus study were published as a group of six papers in the Proceedings of the National Academy of Sciences USA (PNAS, http://www.pnas.org/content/vol98/ issue21/#AGRICULTURAL_SCIENCES). A formal risk assessment was conducted that addressed toxicity of Bt com pollen, and whether or not monarch larvae are exposed to harmfullevels of Bt corn pollen ). The following is an overview of the hoopla, the science-based risk assessment, and important related events.
Research and Hoopla
Risk assessment from a scientific perspective is a function of hazard and exposure. But from a popular perspective it seems that risk assessment is as often a function of social considerations and philosophy as it is concern for hazard and exposure. In addition there is the "hoopla" factor with most of the emphasis on hoopla. Hoopla is a phenomenon that can occur when the media focuses on a topic, in this case Bt corn and monarch butterflies, and social concerns and media coverage form a feedback loop.
Several scientists who are working in this area have learned that a scientific dialogue is very difficult under hoopla conditions. Much of the media does not understand that good science unfolds slowly. And the needs of media to explain a story in simplistic terms, usually in a small space and under the pressure of a daily deadline, are often in direct opposition to the complexities and deliberateness of scientific research. Ideally, premature simplifications should be replaced with thoughtful patience and an appreciation for the scientific process.
The media, and the public as a whole, also need to be aware of positions based on facts from valid, peer-reviewed research and those based on philosophy or political agenda. The public's right to be concerned about hazard and risk is unquestionable. But good decision making is most possible when sound scientific information is laid out as a foundation before discussions about philosophy.
Monarch Consortium
In February 2000 the USDA-ARS hosted a monarch research workshop in Kansas City, MO. · More than 30 government, academic, and industry scientists participated in the workshop. A steering committee, including Adrianna Hewings (USDA-ARS), Eldon Ortman (Purdue University), Mark Scriber (Michigan State University), Eric Sachs (Monsanto), and Margaret Mellon (Union of Concerned Scientists), was formed to provide guidance for the workshop and subsequent activities. The goal of the workshop was to identify research priorities regarding Bt corn and monarch butterflies and establish cooperation among researchers. Attendees identified research priorities, which were summarized by the steering committee. A request for proposals based on these priorities was announced April 7, 2000. USDA-ARS and industry, through an unrestricted gift from the Agricultural Biotechnology Stewardship Technical Committee, each made $100,000 available for research projects outlined by the consortium .
Science-Based Risk Assessment
Risk assessment involves developing data about hazard identification followed by dose-response relationships, and exposure assessment. The monarch consortium research focused on the latter two. To formulate a quantitative risk assessment, the level of toxicity must first be determined. Generally dose-response studies are conducted to determine estimates of the LC50, or lethal concentration that kills 50% of tested insects. Dose-response relationships of Bt Cry proteins were conducted by Blair Siegfried (University of Nebraska) with monarch neonates (newly hatched larvae). Neonates were exposed for 7 days to purified Bt toxins incorporated into an artificial diet. Four Bt toxins (Cry1Ab, Cry1Ac, Cry9C, and Cry1F) were tested. Results of these studies indicate that monarch larvae are highly sensitive to certain Bt toxins, while others do not affect them . Monarch neonates were most sensitive to Cry1Ab and CrylAc. In contrast, Cry9C and CrylF were considerably less toxic; therefore, risks associated with corn plants expressing one or the other of these proteins are likely to be reduced compared to the risks posed by corn expressing Cry1Ab and Cry1Ac proteins. The Cry1Ac event, DBT418, and the Cry1Ab event 176 are in the process of being phased out, and have received little further attention. Consequently, most of the exposure questions have focused on the Cry1Ab events: BT11 and MON810.
Several studies were conducted to address the exposure question, including looking at monarch larvae overlap with corn pollen shed, milkweed distribution, monarch use of milkweed in agricultural and nonagricultural conditions, and patterns of pollen deposition. Phenology studies indicate that there is a greater temporal overlap between monarch larvae and corn anthesis in the northern than the southern part of the summer breeding range, because of earlier pollen shed in the south ). Due to the prevalence of agricultural land, most of the . monarchs produced in the upper Midwest are likely to originate in cornfields or other agricultural habitat.
Pollen density was highest (avg. 171 grains/cm 2 ) inside the cornfield and was progressively lower from the edge of the field outward, falling to 14 grains/cm 2 at 2m . Monarch larvae will not encounter high pollen densities outside of cornfields and rarely will encounter densities above 1000 pollen grains/cm 2 inside the field . Laboratory bioassay data suggest that the no observable effect level of pollen for Cry lAb events BT11 and MON810 is greater than 1,000 pollen grains per cm 2 . Pollen from one rarely planted Bt hybrid that has not been reregistered (event 176) was harmful to larvae at levels of pollen commonly encountered in cornfields. Field studies corroborate the BT11 and MON810 findings, as no acute effects were observed when monarch larvae fed on milkweed leaves dusted with natural levels of pollen from BT 11 and MON81 0 corn hybrids (Stanley-Hornet al. 2001 ).
Summary
Proven methods of risk assessment were used by a consortium of scientists to investigate the potential impact Bt corn pollen on the monarch butterfly. Toxicity of Bt com pollen and larval exposure to harmful levels of pollen were investigated. Research indicates that the potential risk to monarch butterfly populations from Bt com pollen is negligible. Toxicity of Bt com pollen (except pollen from event 176 corn) is low and exposure of monarch larvae to Bt com pollen also is low. Laboratory and field studies show no acute toxic effects at any pollen density that would be encountered in the field. Other factors mitigating exposure of larvae include the variable and limited overlap between pollen shed and larval activity periods. The approach taken by the consortium has been cited as a model for evaluating potential environmental impacts of transgenic plants (Irwin and Krishna 2002) .
